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AVjuEiTS'is OT BZFzaiMBirsAL nmsxiffAiiovs o'ir see plasieo ; 

FEOOXSS Oir TES STm7AC9 07 VAIZB* 
By V. '.Sottopf 

.Pr.esBure dlstr ITJiitlaxL an&.apray meaaiirein.ent8 .vera 
our led out on reotangVLlar flat and T— "bot^tom planing 
Burfaoes. Lift, realatanc&f and center— of -^3*68 sure data 
are analysed audi it la aboWn bow tbeae valuea may 'be 
computed for tbe pure planing proceaa of a flat or 
"bottom Burface of arbitrary "beesi, load and speed, tbe 
metbod being Illustrated vltb tbe aid of an example. 



SUMMAET 

flat and 7— bottom longitudinally stralgbt planing 
Burfacea are InreBtl'gated. Tor Buoh aurfacea tbe total- 
reelatance n&iy, for a given lift, be aeparated Into 4 
normal and frlctlonal component. Tbe analyaia of tbe 
teata leade to repreaentatioua of the lift and center— of — 
preaaure poaltlon aa functiona of tbe aapeot ratio of tbe 
preaaure area wltb tbe Tr-oude nujnber, vblcb obaracter iaea 
tbe effect of gravity, aa parameter. While the frlc- 
tlonal roalatance coefficient la equal 'to that given by 
Frandtl for the . turbule^it boundary layer with preceding 
laminar layer. Jot high Troude numbera, for which the., 
contribution of gravity, to the lift iB negligibly email', 
there Is ahown to be an. .agreement between tbe planing 
surface - teata' and the IJLft on flat airfolla on the under 
aide. The deviations from the Vagner theory for short 
platea at large aapect ratioa are conalderable though 
Juatifl-ed by the condltiona neglected In the theory. 

Vltb tbe aid of a working chart a number of practl— 
oal_examplea are computed that provide the anewera to 
several Important 'queat Ions. Vor tbe case of tbe flat 
plate the width of tbe plate, which is always the full 
width of tbe planing, aurf ace baa an effect on the re- 
sistance-load ratio In that tbe latter- becomes more 
favorable with Increasing width. 

*"Analyso experiment el lor Untor auebungon ^ber den Oleit— 
vorgang an der Vaaaeroberf l&cbe. " Jabrbuch 1937 der 
deutachen Luf tf ahrtf or aohung, pp. I 330 — I 339. 



3 



- V&GA -IM Vo. 1061 



Vlth Tegard 'tb- ther load' ef f ebt , oA aetfount of the 
Impairment in the aspect ration there Is an impairment 
in. the r A8i?tajice~load ratio with increasing load., 

Vlth reg^d to the. effect of the speed, .hoverer, 
on account of the improvement in the aspect ratio with 
increasing dynamic pressure above, the first resistance 
mazlmuiii, there is an improvement ' in the res istance— load 
ratio uith Increasing speed. 

"7116 test B for the . sc^le .'effect show that there 'is 
similarity of the p,reBSUre surfaces and pressure dis- 
tribution aAd that "the effect of the . scale, is . given only 
by the dependence, of t!h6 friction eoeff IcI'ent "on the 
Reynolds numbc}!:'. Ozily for' very small dimensions and 
loads of the planing surfaces does hon— simiXar Ity occur 
in' th6 flow conditions because of the effect of surface 
tension. 

The Impairment In the roBlstance— load ratio by the 
effect of the 7 bottom is also shown. With regard to 
the effect bf the width it Is found fox. the 7 bottom 
that at ^m^ll load or. high dynamic pressure . and with tbe 
"natural width,", which is less than that of the placing 
surface, an optioium .width occurs which is to be deter-- 
Blned for each particular . case. 

'iNTROrUOTIOir 



tfhen, with thei development of aircraft, the investi- 
gation and development of seaplane floats were added to 
the 'usual problems of the towing tank, there was a lack 
of theoretical as well as experimental underlying bases 
for evaluating the test results. A first experiment with 
a flat planing surface was carried out in 1912 in Enj^land 
at the Ifllllam I'roude Laboratory and a report was pre- 
sented by Baker and Klllar (reference l) , who, however, 
did not continue any. further work of fundamental investi- 
gation. In order' to create a sufficiently wide basis, 
tests on planing, surfaces haVe'biaen conducted by the 
author since 1928 at' thf^ .Eeunbur g Ship Construction 
Bxperimental Institute. Starting, with tests- on a flat' 
rectangular planing . Surface which served fbr the atu-^y 
of the planing process and its effect on' the fluio s.-.jr— 
face the test program was' later ' extended bo that cr^j^rars 
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could, te furnlBhed to the most Important questions arls-^ 
Ing for the constructor and research engineer: namely, 
the effect of the heam, loading, speed, and T angle on 
the resistance and the effect. o,f the scale in applying 
the model test results to the full— scale design. These 
questions iiajr "be answered from the results of planing 
surface tests insofar as the pure planing condition is 
helng considered, this oondition helng characterised in 
a float 'by the "breaking avay of the water at the step 
and side edges of the portion of the bottom In front of 
the step and also hy the hreaklng of the water contact 
at the stern, (See reference 2.) The results were 
partially puhlished in the following years (reference 3). 
Meanwhile, since a theoretical treatment of the- actual 
planing process that takeS all conditions into account 
does not appear posslbie, Wagner (reference 4) -concerned 
himself with the limiting cases of the planing process 
(high, speed planing— neglect ing gravity, and infinitely, 
small trim angles) and by the application of the airfoil 
comparison, presented an approximate experimental method 
that enabled him to determine the forces and wetted sur- 
face of the flat plate with small aspect ratio also for 
finite trim angles. The comparison of the first test re- 
sults of the author with the Vagner theory showed that In 
the range of small aspect ratios rough agreement was ob- 
tained vrhile for large aspect ratios the deviation from 
the theory was considerable. Wagner- ascribed - this devia- 
tion to the effect of gravity. Sambraus (reference 5) 
carried out supplementary tests at higher speeds at the 
Prussian Hxper imental Institute for Ship Constitution in 
order to test the Wagner theory also with neglect of - 
gravity for higher aspect ratio.s. From his result 
Sambraus concluded that the Wagner theory holds true at 
high planing speeds for all aspect ratios. Shoemaker 
(reference 6) likewise extended the range of investlgar* 
tlon by to\7ing a series of flat' and T— bottom planing 
surfaces in the ZTACA tank. 

rn the take— off of a seaplane the low-speed planing 
stage, during which gravity exerts a considerable effect, 
is of equal importance with the high— speed planing stage. 
She analysis, presented in this paper, of all the 
author's ovm teats as well as those of Sambraus and 
Shoemaker, leads to a clear explanation of the effect of 
gravity and hence to the representations of lift, re- 
sistance and center of pressure, and with the aid of this 
analysis these values may be numerically determined for 
flat and Y— bottom planing surfaces of arbitrary beam and 
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arbitrary loading and speed for the condition of pure 
planing,. ■ ■ 

A total lift = load (kg) 

AfLyn dynamic lift (kg) 

Astat static lift (kg) 

a total weight (kg) 

V resistance (kg) 

W]j normal resistance (kg) 

V£ frlctional resistance (kg) 

5 propeller thrust (kg) 
Z t owing pull (kg) 

IT normal forces (kg) 

X tangential force (kg) 

. 3 . 

T static displacement (m } 

E load reduction (kg) 

Mjx at moment about the lateral axis through step (trail- 
ing edge for flat surface, after end of keel 
for V—hottom surface) (mkg) 

T spood (m/s) 

"Vj^ mean Telocity of the vater along the planing 
surface (m/s) 

▼o mean vertical velocity of the mass of water dis- 
placed (m/s) 

1 . T/vTh l-roude number referred to a f ixgd' dimension 

of the .body 
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Troude num'ber ir'eferred to a length 
corresponding to the load 

B B y' t/v Seynolda ntun'ber 

e = V/A ''Fleuiliig„fftLiii'ber'' xeslBtano'e-load ratio 

■ A ■ ' fl ■ ' 

Ca' ■= — • ? load cbeff Islen't 

Ca « - lift coefficient of the airfoil 

r qL 

* A 

°a - T~Z — lift coefficient of the planing surface 

* 0 4 ■ . - . . ■ ■ 

Ca* 

Ca = — =- derived lift coefficient of tha planing surfac 

Ob 

Cb* = ^ ^ ' a/a — loiad coefficient 
A 

c,, = — — - load coefficient . 

*H ■ 
°f • °f* - Z — frlctlonal coefficient 

Cm*, = moment coefficient 

Y 1)* 

Ont* = - ^^ — 77= moiten.t coefficient " 
a:(A/V)^''» 

q = p/2 v-a . dyncunlo pressure (kg/ms) 

p - density (kg s^/m*) 



Y 

V 



steclflo weight (jcg/a') 
kinematic ▼laooslty (m^/s) 
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P» "POyn.* Patat .pPMBure ,( k^r/jn") - ' 

mean pressure on "presavire area" (kg/m°) 

3 mean length of vetted surface (n) - 

Iq mean length df pressure area for Y— bottom -planing 
surface (nf)-. , ' ■ 

Ip distance of center of pressure' from trailing edge 
of planing surface (m) 

B local elevation (m) 

T wetted surface, also pressure area 'for flat plan- 
ing surface (ms) 

Tjj . proj ectlbn of pressure area for 7—'bx>ttom planing 
surface (mO 

7 vlng area (m^) 

"b "beam of planing surface 
bet beam of float at step (m) 

^nat natural width of pressure area for T— bottom sur- 
face (m) 

e distance of fountain from trailing edge of plan- 
ing surface (m) 

a trim 

\ scale of model ■ 

4 dead rise angle 
I 7. -angle 
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■ ]SZFEBIia!]!rO?AI...FHOC]5I)TIR]g 
Measurement of the Forces 

Ileasurements vers made on the lift, resistance, 
and moment about a lateral axis. The three— component 
measuring' gear la schematically shown In figure 1. She 
resistance tension wire leads forward from the point 
Fq, through which passes, the axis .of the model head, 
to the dynamometer; The resistance measurem.ent -is made 
hy means of a recording pen and coarse weight, the 
spring- force helng. determined from the recor.d of the 
spring extension, the spring having been previously 
calibrated. A constant weight serves to maintain the 
tautness of the tension member. She calibration wire, 
in addition, takes up by means 'of a stop the inertia 
force that is set up on the model on braking the tow^ 
ing carriage. At equal distances from Pq there are 
attached the Vertical tension wires leading to the 
moment beami Vith the aid of a sliding weight the 
moment applied to the model and hence the trim angle 
may be varied. At Fq there is attached an additional 
vertical wire that leads to the unloading beam. By 
varying the size or the position of the sliding weight 
the load on the model is reduced so that the remaining 
weight corresponds to the loading desired. One of the 
reversing wheels Is formed as a gear wheel and to this 
Is attached by meajis of a coupling, a winch by means of 
which the model at the end of each test run is lifted 
from the water In order to remove it from the following 
waves and utilise the time of the return trip of th& 
carriage for quieting the water surface. 

At the start of each test run the model is re— i . 
leased only when the 'dynamic lift Is sufficient to 
avoi'id an undercutting of the leading edge of the plan-r 
ing surface. 

!Dhe draft and trim of the model were determined 
from two draft scales attached to the wheels of the 
moment' balance.'- ' 9?he 'Setting for a given trim angle is 
obtained by displacement of the sliding weight of the 
moment balance and reading of an angle— indicating dovic 
Damping when required is exerted at the dynamometer 
lever (damping of longitudinal oscillations) and at the 
slide of the moment balance (damping of vertical os cilia 
tions). 
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- She relative' air velocity at the location of the 
model is, on account of the closed carriage and tvo air 
scoops, practically eg^ual to zero so that the air re- 
sistance of the model' la ngellglhly small also at high 
speeds. She meaaurements are therefore purely hydrody- 
namlcal. 

She preliminary tests vere conducted urith flat 
glass plates in 'order that the forward houndary line of 
the vetted surface might be determined. Shis boundary 
line under all speeds, loads, and trim angles had the 
shape of a very flat arc. In the eub8eq.uent tests 
there vere therefore employed plates, some of aluminum 
BJid some of vood, glass 8>trlp8 being inserted at on^ 
g.uarter vldth so that the mean value of the vetted 
length could be read off. In the case of very vide and 
T—bottom surfaces several glass strips were used. 

She model vas suspended without crowding so that 
all the errors in measuring the draft, trim, and longl>- 
tudlnal displacement of the model were negligibly small 
Insofar as they vere not eliminated by the calibration 
Itself or by having the vires run on circular aegments 
where reg.ulred. 



Pressure Distribution Measurement 

S'or taS:lng the pressure distribution measurements 
the planing surface was provided with about ninety 
measuring stations which vere arranged in three longi- 
tudinal sections and a number of transverse sections. 
B'lgure 2 shovs a measuring station in cross section.. 
She free opening of the orifice la 2 millimeters in 
diameter. She glass tubes over the orifices are held - 
fixed In position by means of a short pipe construction. 
In taking the measurement the planing surface ia held 
fixed at the trim determined during the resistance 
measurements, the measurements being conducted vlth the 
va^er surface smooth. She heights of the vater coltimns 
are marked. It was checked to see whether there was a 
possible interference effect of adjacent orifices by 
dosing the orlflcea vlth plaatidne in the check runs 
ead keeping only one orifice open. |fo appreciable dif- 
ferences were observed. Check measurements with 1 
millimeter free opening of the orifices showed, on ao-o 
count of the stronger throttling of the liquid columns, 
a smaller fluctuation. 



g 



for D'htainlng' the presB-orfir dlBtxllmtlon. It was 
'-zxecessary .to make sdve.r^r test' rxm^- at each trim, angle, 
Blight speed differ enoee which Vff'ected" th'e' Itfadlng on 
tkhe adjusted plate "being -foTUid unavoldahle . The meas— 
urlng accuracy Is to he estimated at ahout ±5 pereent 
of Ah. 

msoimicAL 3i.sis oi* musics 



For a surface In steady p]Lanltfg motJ.on on a quiet 
frlctlonleSB fluid surface (fig. 3) the Bernoulli lav 
may he applied tq all the streamlines including the 
dlyldlng streamline. 



- + ~ + g z = conetemt {Ij 
2 P 



She pressure p Is assumed to. he composed of the 
static pressure Pgtat ^"^^ veight of the flul.d 

and the portion Vi.ju due to the dynamic effects. The 
stafic lift is therefore' 



-A-stat = cos 



» y Pstat d' (a) 



,jand for a flat rectangular planing surface may approxl-* 
maiiely he set equal tc ' ■ 

Astat = VT = y.±-lLl . . (3) 
f ■ > 2 

If the wetted length I Is determined during the teat, 
it heing assumed that the rise in level at the neighhor-- 
hood of the planing surface IS ocnstant. 

Xhe dynamic lift is 

■*-dyn ■= COB a / Pdyn d! 
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and .ac COT ding to the momentua lav la eqxcal to tlie time 
rate, of change, of moment lus of the ji^aBB of vater Involyed 

d ( n To ) 

^^7n ^ .(5) 

She total lift of the planing surface Is thus 

A = Aetat + Adya (6) 



In the ease of a rlsooue fluid the streamlines 
and Telocltles, in spite of the "boundary layer occurring, 
agree approximately with those of the frlctlonless flov| 
differing only In the appearance of an additional tan- 
gential force I. 

Owing totbe effect of the finite width there Is set 
up at the edges a cross flow with lateral pressure drop 
which for sufficiently large Talues leads tc a separa- 
tion of the vater also at the side edges. 

In the pure planing phase .characterised by- the 
separation of the water at the trailing and side edges 
of the planing surface the resistance of a flat surface 
as uoll as of all surfaces that are longitudinally 
straight and without twist is given hy 



¥ « Vw + Vp = A tan a + — = — (7) 

cos a 

Ihe normal resistance 

Vir s JL tan a (8) 

Is proportional to the load and the trim angle but In- 
dependent of the speed, while the frlctlonal resistance 

- — - — S 3? = o*« I 0 (86) 
cos a . ^ 



is proportional to the wetted surface and the dynamic 
pressure, the friction coefficient Of' being a function' 
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of the Eeynoida ntun'ber ^ » rl/v aad ■d.ependlng on .the- 
nekturei'of the .Tjoundary layer -as... itaH„.aa.,.c^n .th9 rough— 
nesa of t^tie s.urface. 

.-Rl^Snii'lS 6t '.TSS SSSIS ASD. AFPIflCASIOirS 

. '(a) The. ilat Pianlag Surface 

(1.) Besuitdfof '.'the'Freilininary leste with Vlat 

Flajilng Surface 

^or the preliminary' test on the flat rectangular ' 
planing surface average relations • were chosen vlth re— 
giard to hoamt load, and speed.' Figure 4 shows a 
loga:if Ithmlc plot of the heam at step "bs^ as a funo^ 

tl.ott ot tbp flying "boat weight " or in the- case 

of, the tvin—floa'^ seaplane, the load coefficient Ca' 

helxng taken as parameter. . Select 3.ng' from the mean rafLge 
a. "beam ■ "bst =■ 1-80.6 meters and with 0 = 5.186 t and 

ea' '*° 0,889 , furthermore a mean airfoil lift 

A s Ca F q s 1296 kilograms,^ Independent of the trim 

angle and assuming- a model scale .X = 6, then the model 
"beam is hg^ = 0.300 meter • the corresponding weight 

& s 24 kilograms and the hy'drodynamic load at 7^6 
meters' pbr second an aVorago speed in the spoed range 
in which tho seaplane float executes a pure planing 
motl&n A* 18 kilograms, then 6^ » 0.109 and £* 

B 3.74. Th-e trim angle range of interest Is a » 2° 
to 10°. 

Reslstanbe.' moment.- center of pr.essure,- and static 

Hf t .-^ On figure 5 .are plotted the n on— dimensional values 

e, Cjoih*! l/'b| Ijj/li and Agf^tM blb functions of a. 

Ian .a roprosents the lower limiting' value of the re- 
's is € an ce^ltfaiT 6'6SfTTore5ffr-TE ■■-li^ •a:ticc:ord'lttg- to eq^uation 
(7) the fflctl'onal resistance Vq,' 'on the assumption 

of frlctlonlesB fluled, heoomes zero. Since w.lth in- 
creasing trim angle a the ratio of the friotional 

^Oa " 1*2 and F « 80 m^ corresponding to 65 kg/m^ 
surface loading* 
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portion ' o£ jthie'redl-adianQe to. the total realatance 

V 'Df^pidly deoreaadB on account of the strongly a.0ereaB-- 
Ing vetted area J, as Aay be seen from the trend of 
l/b, the e otLTTe approaches aBTnptotlcally the value 
tan a and .for o( > 10.^ may he replaced approximately 
hy tan 'a. 'Another asymptote Is the axis of ordlnates 
since P and hence- Yj^ approach Infinity as a — > 0. 

Ihe position of the minimum lying hetveen the asymptotes 
Is dotormlnad hy the '.rat lo of. the .frlctional to the 
total resistance. Tor arorago conditions this position 
lies hotvoon 4° and-.6^., 

Prossure distribution and character of flov .— Tlgare 

6 shovs the mdasured pressure distribution and the flow 
picture for the angles 4°, 6?, and 8°. Ihe stagnation 
point lies near the leading. edge of the wotted surface. 
Ihe greatest portlon'Of the water stream flowing up Is 
thus doTlatod- downward while the port ion . of . the water 
lying ahead of the siagnatlbh point Is projected forward 
a'p spray* Ihe maximum projp'suro, measured' at the stag- 
nation point f eiaalns' considerably below tho stagnation 
pressure. ' it Is presumed that the full stagnation pres- 
sure occurs within. 80 narrow a range that it does not 
show up in the measurement. 

'On account of the sharp— edge boundary, of the plan- 
ing surf aoe' the flow at tha trailing edge already begins 
to separate at. cQmp.arat Ively low speed and the water 
continues Its downward motion behind tho plate, thus 
forming a depression which is limltod sideways by two ' 
ware trains ■ coming, from tho side edges of the planing 
surface. Ihe wave trains meet, behind the planing sur- 
face in tho plane- of .symmetry-, and .at tho point, «f. In-^ 
tersectlon the water spouts up in the manner of. a fountain. 

; Iho transverse pressure d^ojp prod,uoos a ^oro.ss flow 
which for a sufficient speed leads, to the separation of 
the water also at the side edges. Ihe separation' 'bej^ins 
in tho forward region of the pres'sure area eveib at the 
smaller spoeds.,. on account of. tho relet iyely high pres- 
sure or pressure, drop that oc'c.^rq there, and with in- 
creasing, speed continues toward the rear* Ijhe side .'spray 
rises steeply, near the surface and then sprea/ls out 
laterally. ' . ■ . ' ' 
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Center of -preaaure .— If the tralline edge of the 

piaklng surface is choaen as .the. axla about which 
mpments are taken the momenta' on the planing surface, 
according to figure 7 are 

■0 ii..^+-z ;■• I.- = H -.ip .= Mb.'st ; /■ 

Under the action < of the applied mometit' 'at -the left 
Of the equation the planing surface trims* to an angle - 
a for vhich the hydrod'ynamic Aoment at the right is 
equal to the applied moment . A plot of the moment- coef- 
ficient <imb* ahovs the r^iatlon of the moment with 

the. angla a, She greater the trim angle a the 
smaller is the increment AM^ g^^ in the moment required 

to change the trim angle hy an amount Aa. .The ratio 



Ip omh 
T " l/D ca' 



gives the position of the center of pressure if A is 
assumed to he approximately equal to IT. According to 
the curve in figure 5 Ip/l s 0.77 with a tendency to 

decrease as the angle a decreases. 

She moment of the static lift determined according 
to formula (3) is 

I 

Mgtat = -A-stat If COB a 



so that the diatance.of the center of pr.esaur'e is 



, l*stat I .Ip ,,«v 



She moment of the aerodynamic lift 



''dyn ^ ^dyn Y ^ " 
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an^ the d.lstan.ee of ^. the. ejanter ..of . pressure 

iE >. 6;666. (11) 

t .- - ■• . ' - 

If a triangular pressure dlstr I'but Ion vlth the maxlnum 
lift at the leading edge is approrxlmeitely assumed, since 
according. to the measured pressure distribution the center 
of pressure lies always ahead of the center of pressure 
of a tr langalar. pre&sur e distr ihut ion tha le^er arm of 
vhlch would be 8/3 1- cos a. - ■ ■ ■ 

From equations (lO) -and (ll) the-f ollowing may be 
said about the. center of pressurei travel; With in— ' 
creasing- trim angle (A and ▼ being .constant) the ratio - 
of static to total lift AgtatM decreases and Ip/l 

increases, as is confirmed by' the preliminary tests. 
Vith ' Increasiiig speed ( l/b and a constant) the dynamic 
lift increases vith the dynamic pressure while the 
static lift remains constant. The ratio of the latter 
to the total lift therefore de.ereases and correspond- 
ingly Ip/l inor eased. ■ 

(2) Hesults of the Tests with Planing Surfaces 

(a) lift • 



The lift A by analogy with the similar expression 
used in aerodynamics may be escpressed by the eq.uation 

A = Ca'.r fl ■ ■ 

In the case of. the airfoil the lift coefficient Cqi 

in tha middle range of the angle of attack and for small 
aspoct ratios, is proportional to the angle of attack <f. 
and the doriratlTe dca/da = oonetant if l/b = constant. 

If, for the experimental range of angles, the same as- 
sumption is made for the planing surface (reference 7) 
then 



« ioa* 
Ca* = a « Co a 



(13) 
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where the derlratlve Is r eplaced "by ba- ' ^° 

eliminate a aa parameter, as voul'd. 1)0 conreziient ' for ■ , 
a Bulta'ble representation of the llfib coefficient, It la 
therefore written 

Xhe test curvea of figure 8 b^qw thf^t for the region 
of high ^roude numhers J'f '.the asaumptlon la sufficiently 
Justified as a praot leal . working hyppthe-als. Deviations. . 
from the straight line law may "be asprlhed to the grftvlty 
effect as will "be further clarified helow. If, In f Iff- . 
ure 9 Cq la plotted aa a function- of the aapect ratio 

l/'b (reference 7),then from the foregoing considerations 
the Vr cud e . number £* will "be the parameter. Ihe 
family of curTes gives the results for all the lift coef- 
ficients 6'btained from the 33 test series indicated on 
the figure. 9?-o bring out more clearly the scattering 
of the points, since the plotiilng of .all. the test points 
would oompl ioat e.' the dl|igramj f igure 9'a shows the values 
for the test series 2', 14, and S3 to 38 with ' 7* = 3.74 
the constant value. All values "are' well represented by 
the heavy averaging curve. 

In figure 9b the llfii coefficient valuea correapond— 
Ing to the tests of Sambraufa (reference 5) have been 
plotted. The wetted leiDgtii I on the determination of which 
the accuracy of c^ mainly depends had .t'o be obtained 
by photographic meaB-ur ements' in;- the Sambraus te'st-a-- since 
the'high speed carriage did not.' permit direct' observa- 
tion.'. - S.l'nce the S-otwrd. boundary;-' of the pretasuTe area 
at high dynamic pressur^js and- sma*!! ' loads .such as were 
mostly assumed by Sambraus, fluctuated greatly even for 
an almost smooth-' wat-er surface, ^■'(■Boe -fee. 11,- 4 of ref— 
erence'5) dlr ect.. 'observat Ions as irteide' in the.tests 14 the 
H ST A' tank i lii wh-l'ch" the f luotulatlons jnay' be well averaged, 
are more reliable. Ihe s cat terin'g- must be -greater the . 
shorter the wetted length — that is, the smaller the as- 
pect ratio of the planing surface. . Taking these condi- 
tions into cons lderation.it is possible .to speak of a 
reason&ble agr'e'emeht between the two series of tests 
with the exooptlona of tests 2, 3, and 4 the coefficients 
.of which are about 16 pero.ent higher. Tp.^ coefficients., 
of the' other test series of Seunbraus lie' 10 tb 16' pere-ent 
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hlgl;Ler. only . In the smallest appect r ^o-.-range. l/'b.^. 0,7 
to 1.2, SLgTeo for the aiedium ' aspect ratio' range I/'b.'> 
li'2 to 2»5, an'd Ibecome somevhat Is'ss at' the m ax Imum 'as- 
pect ratio' l/t =3. ■ - ■ ■ 

In figure 9c there are similarly plotted the coef- 
ficients of the tests by Shoemalcer (reference 6). In 
the American tests the yetted length was ohtalned "by 
mirror ohservation of the spray coming off- at the sides. 
Shis method, too, cannot lay claim to the same accuracy 
as the determination -hy direct ohservation of the for- 
ward contour of the •preaBMie area thrCugh a glass strip 
inserted in the plate^ Correspondingly, there is a cen-i 
sidera'ble scattering of the values for small aspect ' 
ratios l/t <■!'. the ralues ' lying on the average helow 
those of the ES7A measur pments so that in this range 
the latter values average approximately those of Samhraus 
and Shod.aaker. At' laxge aspect ratios the measurements 
agree. Tory 'well since in this range an error in. the 
determination of the wetted .length only slightly affects 
the value of the lift' coefficient. 

For Froude nusihers Z*= the off dot of gravity 

Is negllgl'bly small and the lift coefficient Oq is 

determined hy the empirical et},uatlon 

Ca = 0.845 i^-^J (14) 

In the- previous section it was esta'bllshed that - 
the fraction- of the -static displacement increases with 
decreasing trim angle 'or increasing- aspect ratio. !Eho 
curves with different parameter therefore' diverge 

in the direction -in increasing . l/h. - 

- -. As a limit- of the pure planing condition — that is, 
when tho sides of the planing surface "begin to "bo wotted 
at- -the stop— there is obtained .a straight line passing 
through tho family of curves ■' 

Cft = 0..94 ^-iy"*"" ^lf'^ >0,75) .(1$) 
which at the samo tl^e connects the mlnlsixuns.of the curves. 
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goBrpn,rj,g<;^B vAlth t.bft rflat iBl,attf to "aa-ftljE; qtreajB.- The 
wind tunnel 'teslTfl'SStif' led' out Vy tflnter (.^r.'ef er ence 8) on 
flat plat 60 of various 'aspect ratios provide a means of 
comparison' betweQii" the planing 8ur£.ace'and aJi' airfoil. 
In the ta'ble- are .given 'tiie ooef f lplent:B of - the total 

Cjr COB a 

lift- coefficient 'in tjie" iiir Catot.^ a,"* a 

function of - t/h i f orf let 1;0°. ' Ti^'om the pressure 
aeasurement; ( f ig. 33 in '"Vint er * s/ gaper ) ther p' ia o"b- 
tained "by^ int egra^ ion'V' f <^r a ^ 9? 6° pf the. Jkresstire 
distribution 'on t)ie ^o.p'and bottom sides, t.he' ratio of 

lift on the two sides A>,ot/AtoT» = or 

Auof = 0.39 Atof ■ ' ■ 

If for the angle—of— attack range considered the above 
relation in the absence of pressure distribution meas— 
ur^nent. iit small angles of attack is ^ssiuie.f o'o'natant 
with change In angle of attack and avpect' 'rat'i.o« then; 
thej Jstffaight. line "in figure 9b ■ 

-■ / 1 

ca 0.91 (17) . 

■ , ■ ■ > • ' 

gives the change in the lift coefficient oh. the bottom ■ 
side of the flat rectangular plate In air. ' Formulas"'. 
(14) and -( 17} '.differ only by the value of the consteuit' 
and that to such -a sffi:all extent that the lift coeff 1— ' . 
cienta In air and water may- bd said t-o agree as long as 
the effect of gravity is negligible. ' 
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Tlp.-tr. He. ct angular BlAt'.e J.el Air 
P = 0.50a t ▼ J= 28 a/a,. «■ 10 



0.5 

:666 ' 



0,676 
.520 
.468 

' .412 
.338. 
,300 
.2^7 
.155 



3.25 
'2.93 
2.64 
2.32 
1.91 
1.69 
1.34 
.875 



1.27 

1.14 

1.03 
.905 
.745 
.66 
.522 
.341. 



.80 

i.o 

1.517 
2 



2.86 
7.48 



Oom-parlson with the theory of Wagner and the re— 
BttltB of SftjnTiT^ftv^B -— On figure 91) la plotted the lift 
coefficient. e.a according to the Wagner the.or7 for th-e 
flhort plate. Sfhe ourTe, which was ohtalned hy^ neglect- 
ing graV.lty, is to he compared with the curre from 
formula (14; for which the effect of gravity le negli-- 
gihly small* In the range of small aspect ratios the 
theoretical curve lies ahout 20 percent ahove that oh-' 
tained from the test results where, however. It is to 
he noted that In the theory, on the assumption of in- 
finitely small angle of attack A-jj^j; has heen set equal 
to 0.5 A-toti whereas, for finite angles of attack the 
pressure measuremen1;s of Winter give the ratio of 
formula (16). A complete, agreement hetween test and 
theoi^y is therefore not to he expected. In the neigh— 
horhood of l/h = 2 the curves intersect and diverge 
with increasing aspect r.atlo. 

In the case of long planing surfaces ( l/h ^ z) 
there is good eaqper Imental agreement with the flat air- 
foil in air (under the assximption ^^a-bQ^t - 0*39 Cq^^^); 

whereas the Wagner theory of the short plate does not 
agree with the test results also for planing conditions 
for which the effect of the earth's gravity is negliglhle 
( She theory of the long plate gives greater deviations 
from the experimental results as shown hy Samhraus.) 



!Fhe'"coneliiBlonB of 'S'ain'bra'aB on- the' long flat-plan— 
InS'B^Lrf aber (.Suivnax^y point a 1 to' 3^'!^ iref erence- 6) thus 
find no ' confirmation while "'p'o^-o-'^ 4"T:r'to^^& wippier-,.-^-. .._ 
mented 'by the statement that at high Troude num'bers Z* ^ 
the lift in the inveatigated range at constant aspect 
ratio Tories linearly with the trim iangle hut thbt with 
deoreasi'ne VroUde niimher th6 itlf t' 'cbef f iclelat as a r»-. 
suit of the incz'easin'g, f avo^ei'blb, effecf of graTltjy 
inereaaea so that d^^^/de^ ' dbes' not remain bonat'ant. 

. - . ■- -i?*) He.alatance . 

Proa formul4 '(-.8a). .t^-ere la. ohtained for- the frJ^o-. 
tlonal coefficient Cf' ^ Vj^/T q. When plotting Cf' 

as a function' of the Reynold's number - R- «s vl/v and com— 
paring vlth the reaults of pure friction meaaurementai 
the fo'lloiring point a are to 'be noted: 

1, The normal reaiatance W|f o'btained hy au'btraot- 

Ing f^on the .meelaur'ed total "rea la taiieis- ';W is', in jbhe 
rangd of minlmTxm reaiatance- of- ;.Ahdut ' the san'^ magnitude , 
an'^t f or higher 'trim angl'ea , 'conBlderahly ' laf ger' than the 
frlctlonal resistance V^. Since the scattering con— ■ 

tri'butlon of the measurement on W^, la remoredi the 

Bcattoring of Cf' must "be relatively large and in— 

6'reaBoa yjth' Increaalng tflm angle. 

^In the preaentatlo a hero ' chosen -the Troude number 
r*.= v/i/g (a/V)*'* . ia proportional to the speed' and In- 
versely proportional to the sqiiare foot of a dimension 
vhich Increasea vith increaalng lift; nalAeljr, the lenigth 
of an edge of the water cube In correspondence with the 
physical interpretation 'Of theT r-oude num'ber. The num'ber 
chosen 'by Samhraua 7 » v/<\/^g~h'| which fulfills Its pur— 
poae aa regarda eonalderat lona of aimllarlty, increaaeSi 
however, with decreiaslng width h,- also, for example^ 
when .the wetted, length r.emains .constant with dec?:.eaBing 
load. Thla repreaentation la not aultahle for the work 
under cdneiaj&^'aSTL'on, 'if ^biee' ''i^^-a><w>.ipJViq;.»XlL,gJ9 f.^S' ?.^) 
is used for the Sam'blraud ■ tes-ts, it , appear.s that- the .latter 
only' slightly exceed the 7* range., of our own tes-ts.in 
spite of Jiigher.test -s3);eeds on- account of the applica- 
tion of narrower pJLates, • r- ■ ■ 
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2.- Xhe 9<ccitdberlj),g Xa iQcreaeed "by; -th a. fact, ^hat the 
aefts-urod Tftiua -of Hjjhe: vott^ii qurface Z...i?luct'uat.e« .more 
the -smaller the, yalue of- -7 th>at -la. .the- larger, tlvoj 
aatiglB a. . ..- ' \ 

3.. She. vat er., thrown ,up. in front, as .spray partially 
vets tha h&ttiQiiv--8ux^f a-ca and dec'reaBea the r'as'latance 
(reference 4).. j SEis' thrust, cannot "b.'e determined and is 
thus not .Jiakon Into aaeQtuL,t. \ ' ' . 

4. !Fhe total pressure surface is used In the compu- 
tation as the wetted surface in spl.te of the fact that 
the direction of motion tif 'the water particles at the 
surface ahead of the stagnation line is forward and in 
the ' side- regi'ons has -a el^e eomponan't . ' 

5. She high pressur e :r Sfgion is superposed on the 
frictl-onal "boundary l-ayer.with tho.rqsult of adecra&se 
in speed so that rj^-<-'r, : This -deereaao in speed is .not 

taken into account. 

■ .■' 6. The Reynolds law ^assumes geometrical similarity 
.of tha flow> iChis requirement is not satisfied since, it 
Is possihlft that the. wetted length .1 .and hence also 
B may -bo "conptant for. y.ar.lous. loads; whereas the trim 
angle, and honce the pressure and reloclt^ distr Ihution 
are different. - 

In figure 10 are plotted tho curves for the s^ri.es 
of tests 1 to -33. It -may be seen that -in- spite of fho 
above rostrlotions the values, of Of* are- r elat irely 
well represented, by the pu;:Te given by. Frandtl C refer- 
ence 9) for the turbulent bo'undary layer with preceding 
laminar 'lay to. 

■ ■ (log H/.*'^* 

if it is taken into accouht that the~ scatter ing that 
Und-eriies the Prandtl' curT.e is likewise not small. 

■ ■ ■ ■ 

ihe measurements were partly conducted in completely 
quiet water: namely at the beginning of the tests and 
after long internals and partly in watar -yith a slight 
amount of moti&n. The relatively small scattering is 
therefore a proof of the fact .thatt In each case only a 
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B Ingle Btalile form of .the boimdLary layer exists. 3!1l1s 
Is of- pax-^lcular Ji-mpoT-tanoe for -tlLe model t^eat slnde 
the larger portion of the tovlng teat occurs within the 
range of. Eeynold-? nu;o"b.erB ,ln vhlch there might posalhly 
have heen tvo "boundary layer conditions and -hence fluc- 
tuations In the. fritttlonal reAlBtances up to ahout 100 
percent, 

e 

ITor fieynoldB nuaher B < IP .surface tension . 

at mean pressures 

Pm^ t^ -^ 20 - 50 kg/ms (19) 

results In the wetting of. the sides of .the planing sur- 
face, therehy produolzig -a oonslderahle Increase' In the 
r BBlstanee «. Under these con'd'ltlonB spray no longer oo— 
cura. The condition for the occurrence of ihe pure 
planing process Is therefore, according to formula (15), 

A , \-0.S7B 

Ca < 0,94 J . and, ..according to formula (19), 

Po > 20— 50 kg/m°. In the towing test, for consider— 

ahle Intervals during the take-off process-, pj^ < 20— 50 kg/m^ 

If the scale of the model Is made too small; then the 
model results are no longer .transf erahle to full scale. 
Ihe test series SI to 33 helonglng to a single scale 
series lie in this range and partly also in the test 
series 10 and 11, for which reason in the latter case 
the Cf' values rise unsteadily with decreasing mean 

pressure ( Increaelxig I ajid &).. Xhat these: values of 
Of' ' lie in the range' of the curve for tiirhulent hound— 

ary layer Is physically not Justified and may he con- 
sidered as an accidental resu-lt. 

( c) Center ' 6f"' Pressure' ^ 

Ihe fundamental ohservat ions previously made on 
'the' effect" 6f ' the eatth' s ' gravity on the position of 
the center of pressure are confirmed in the family of 
curves (fig. 11) which showB ^p/^ as. a function of l/h 

with the i'roude number J*- as parameter. Tor Proude 
numbers greater than 8 Ip/l 0.8 constant.- Both with 
decreasing JE* and with increasing aspect ratio 
(if < 8)' the center of pressur'e moves in the direc- 

tion of the trailing edge of the planing surface. 
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(S) Application of tbe Bd&ulte to the Detelrminatloii 

of the Effect of the Beam, Load, Speed, and Scale 
■' . 1- ■ ■ 

In the Hange of Pure Planing 

In the following paragraphs a numher of lllustra— 
tlTfs exanplee will he computed as. regards lift, resist- 
ance, -and center of pressure and ther'ehy a number of 
Important questions with regard to the planing problem 
will he clarified. In the following diagrams therefore 
in.. addition to the numer i'cf&lly computed curves there 
will also he indicated the test points ehtalned from 
measurement so that the extent of agreement of the families 
of curves in. the working charts will'Vecome clear. 

Shore will first be described the procedure for 
the nuzaerical computation. Let there he given the' width 
h of a flat rectangular planing' surface, the lift A, 
and the planing s peed v and hence also the Proude 
number £* = v/v^g (A/Y)^ It- is required to find the 
resistance— load ratio ratio e and the moment coeffi- 
cient Cq}^* as functions of the trim angle a* Corre- 
sponding to a number of suitabl7 chosen l/h values 
there are determined from figure 9 for the parameter 
Jl* the lift coefficient Cq. .Prom the equation^ 



arc a = 



oa l/b .b^ q 



there is obtained the trim angle a, The.Heynolds number 
is ■ 

E=-I--L.b 
V b 

9?he corresponding frictlonal coefficient cf ' is taken 

from figure 10, the curve -for turbulent boundary layer 
with preceding laminar layer and 

I' h» 



is determined, therefore 

€ = t^ t tan a 
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Turt^hor-'i for the Int eraectlon point of the Cq .cxirve 

and th-e/YiVltl3rg'""cupTe''?^ piifV planing In figure 9 
there are d'et e'riained the corr (Bspohdlng aspect ratio and 
limiting' angl;e, respect Ively', at which the character of 
the fl-ov changes. Xhe' dotted portions of the lllxuitra~ 
tlon curyes apply cbn-dlt'ione for vhicii the pure' 
planing process has not yet heen reached so that It may 
he' expected -that the- mreasurement result's exceed the 
■ dota^ut'ed result^' on atfbount of additional reslstanoes . ' 

^ « 1 ■ ■ ■ 

Trom ' f 'Igttl:'*- ll Ip/l "la similarly determined find 
with llistfelpA 

V ■ '^^h St . J[£ I - h 
- "-A (A/Y)i^» ° i "b <A/Y)i/3 



(aj Effect of the Width 

Por the interpretation of tfie test results on floats 
It is of . importance to determine how. the resistance-load 
ratio and moment coefficient vary with the width for 
constant load and planing speed. ■ 

rive flat rectangular planing surfaces of Tarious 
-widths, in comparison with, the initial test with plan— - 
ing surface A, were ' invest 1 gat -ed according to the .- . 
following test schedule; 



Planing 
a.urf ace 


Seat 

num— 
her > 


. h„. „ 


^Kg- 




■^m/s'- 




■ i ■■ 

■ 2 
11- ■ 

A 

s ■■ 


^2 '■ 
- 2Z 
24 
2 4-25 
26 
■ 27 


0 . 6 00 
.600 

■ .400 
.300 
.225 
.150 


' IB- 
IS 
IS" 

is ~ 

16 

lis ■ 


0.0272 
' .0392 
,0612 
.1090 
.1940" 
.4350 


6 
6 

6 

6 . . 

'6 

6 


3.74 
3.74 ■ 
.3.74 
3.74 
3.74 
3.74 



I ■ . 1 . ■ • . ■ _ 

In figure 12. the resistance and moment coefficient 
e and' Cmj^* - ■ c'omput ed from .the. measured Taluea haye 
heen plotted aa' funetlpna. of a with h aa parameter.. 
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the contln-uoutf curVes' giving tlie. coef-fl dent's de.teriplTi^er^ 
"by conputat ion . ■ ' Sbe example- sbovQ that In. .the- case of., 
the fl^fA plat^ for which -thfi full width contributes to 
the liHf'.t the optimum r e8lstaivc<^l06UL .rpitio hecomes. con— 
t-lnuiously m-ore farorahle wiyh incr easing width and de- 
creasing aspect ratio or .wetted ax.ea. 

In- the range of small widths the .lmpalrm.9n1i of the 
ratio due. to the .Increaaing effect, of .gravity'decre.ases. 
If the pure planing process discontinues, however, the 
ratios again .IncreafSe .oja aqc oust of the additional edge 
resistances. 

As limiting value of the width at the steps of sea 
floats there is given 1-n figure 4' for the wide float 
the value l>«t=, (^A)^'^ and for "the narrow float 
hgt = 0.7 (a/Y)^'. If for the tests under considera- 
tion, according to the assvuaptlons of the preliminary 
test, the displaced weight at rest- Is chosen as 0 = 34 
kilograms, then the heams corresponding to the heam at 
the step in -the model are 'bia.rgjB -..0-^ meter and 
^s'mall '^'?>^ meter. Tor thede values there are ohtaliied 
the optimum load— resistance ratios of 0.122-and 0.154,' 
the difference amounting to 26' percent. 

~ihe effect of %h'e beam oh the' trim angle 'becomes 
cieiir if the foigle' ls detisrmlned as & function of the ■ 
beam for constant Cmh** ^or the previously mentioned 
limiting beams there is obtained a difference of about 
5 percent. 

mhe beam of the planln-g -surface has a great eff ebt 
on the intensity of the spray. Since the lift coeffi- 
cient decreases with decreasing aspect ratio; that is, 
with Increasing beam, there, is a reduction in .the dis- 
placed volume of water and in the wetted side length, 
at which the spray .e-s capes, !I7he extent .by which the 
spray formation may differ in the two previously de- 
fined' limiting beams may be seen from figure 13 where 
the two models are equally leaded and have Jbhe same 
speed and trim angle.' Tigure 14 shows, for the example 
given, the ratio of the static displacement V to the 
total lift T y/jL as a function of a and It may be 
seen that for the two limiting cases the CClsplaced 
volume of water of the narrow float exceeds that of 
double the beam by 5 to 10 times. 
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In this connection the position of the depreaalon 
"behind the planing aurface is also of algnif icance. In 
the- f Irat and aecond- port ioo^^of - the take-rdff proceaa of 
a aeaplane tl^Q atern Ilea ."behind the f ountain- - on- the.- 
water thus relieving tiie load' on the f orehody and, on 
accottnt of the (iiiiall Initial tr la' of -the float; reaultlng 
In a negat'lve trim 'b7 tHe atern , there.. 16 even aet 'up a 
thruat -that 'lower a ike reaiat^anoe (refelrence 2). 

'gihe -distalice c of "the fountain 'behind the irall-^ 
Injs edge 'waa -measured In testa- 22 to 187 -aa 'well aa in. 
a ape.olal teat with. .planing aurf ace A ualng a loa,d . . 
oorreapo'nding to the take-off proceaa. 1^ figure 15 
the valuea I + c are plotted againat the trim angle a. 
It may 1>e seen that .1 + c.la practically Independent 
of -a s-o- that the position of the fountain with change 
in tr -la angle la 'ahifted i.^ the- aame aen,ae' aa the con— - 
tour of the- wetted surface.. The ralue of .■ I + c ia . 
approximately proportional to.- JE* .and. "b 

' I + e = l'."8 'I* T> (20) 
aa may "be derired from figure 15^ . 

•'■ ■■ 'Cb) Bff"eot of load 

It. will now he determined how, for a given beam 
and apeed, the r eaiatance-rload ratl.o and. the moment 
coefficient vary with the lo&d. 

■ 

For -conB.tant a^e'ed and a large range of loads, 
teat a were conducted on planing aurface . A according 
to the following teat Bchediile:. 



Planing 


Test 




■ Afcg 




■'■n/a 


■J* ■ 


durf ace 


num- 










ber 




:■ ' ■ . w - 








A 


18 


■ 0.3 


16 


■ 0i0218 


10 


6.90 


A - .; 




.3 




- -.0546 


10 


5.90 


A • 


16 


.3 


50 


.109 


10 


5.S'6 


A 


20 


.3 


100 


.218 


10 


4.70 


A 


21 


.3 


150 


.327 


10 


4.38 



^As ezprosaion given hy Welnlg (reference 12) of the 
fountain diatance does not agree with the results o'btalnod 
"by the author and not published at the time and Is there— 
.fore not taken into account here. 
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In -f Igrure 16.i;4ie meaaured-TalujaBi -e-' and. . cjnh are 
plotted'' a^'aliiiB't ' u- "■ vl'tli '"b^'- - as- paraa'et-br -aad the' 

theoret,'l.caily.^ coiiip,Tited curyes. are. aj-sb ■shciwi.. Xt'mjay "be 
seen that .^br' small and. aTer|ige Loads' t.h-ei .r'ejal« tance— 
load ratio I'noreasas' .con^slderahly' Vlth in.!?i^BA8lng' Ibad 
on account of the impairment' of the aspect ratio. In 
douhlln-g .tJie -load, for B;xainplej . f r om 2.5 to 50, kilograms , 
^opt-.: tflcr eases, "by ,25. peipceiit..v. ' At- very targe' loads" the 

lmpaliraeht> Is slight on alscount -of ■ the' laereaslng -ef- 
fect o'f gravity." ■. ■ 

■ ■ • ■■ r ■ • '. 

• Cho-cJc of the re'ldtlbn • -dca,'*Att;a = 'gonstanf In the • 
invest IgatecL range for higher J* numhers .— In figure 8 

for tosts 16,' 18, GLnd 19 the wetted length's- I' have 
heen plotted again-st a and ''made' to Intotseot the 
straight linos I s 0^3, 0,6, and 0.9 metdr, corrre-" 
spending to the aspect ratios l/'b = 1, 2, 3. The o^* 

values are also plotted, "ih'ese lie on straight linos 
.which pass through the origin — that is, in the range of 

nuffll) or s, within whiqh t-ha effect of gr.avlty; may >e 
entirely or approximately neglected ^ca*/^a " constant 

and thus the aBsumptlon underlying formula (13) Is 
Justified. 

■ . ^ ■ , _ ■ ■ 

(c) affect 'of .the ^peed 

-Zhe take-roff diagram .of a. seaplane shows two ro— 
slstanco maximums, the first in the fanj^o of the transl-r 
tlon froB tho floating to the planing condition, the' 
second 'bof oro the get— awa:^. It will now ho invostlgated 
to what extent the formation of. these maximums depend 
on the storn of the float. This q.uestlon may ho an— 
Bwerbd with the aid of the planing sur.face which is 
eg.ulvalont to the longitudinally straight forohody: 

-.Por a larger speed range with constant hoam and 
load the roslstanee an.d* moment, .'coefficients wore com^ 
puted'i the tabulated results helng' given as follow: 



ITAOA ,m ]ro\ 1061 



27 



Planing 
surface ' 






. 


▼m/a 
• 


1* 

- 




A 


0.3 


. 50 . 


0.436 . 


5 . 


2.63 


2 ■ 9 3 


. A ■ ■ 


.3 


.50. 


;302 ' 


6 


3.16 


3.50 


A 


.. .3 ■. 


. 50 


.222 




3.69 


4.09 


A 


.3 


. -50. 


. .170 


8 - 


4.21 


4. 67 


A 


.3 


50 


.134 


9 


4.74 


5.28 


A. . 


.3 


60 


. .109 


- 10 


5.26 


5.34 


A 


.3 


50 


.0757 


12 


6.32 


7.00 


A 


.3 


.60- 


.0556 


14 


7.38 


8.18 


A - 


.3 


SO 


.0:424- 


. 16 


8.44 


■ 9-.35 



Plotting e and Cj^^ as functions of a with 

▼ as parameter, figure 17, there is found the type of 
relation familiar from float inreeit Igat ions . At low 
speeds e increases approximately linearly with a, 
the pure planing process not 'yet occurring. Vlth In— 
oreaalnf; speed the resletance Increases, particularly 
so at snail trim angles so that a maximum resistance 
Is soon obtained at moderate trim angles. After exceed- 
ing tho maximum the resistance again' decreases with in- 
creasing speed. A second maximum therefore does not 
appear in the case of the plajiing surface and the ap- 
pearance of such a maximum for the float Is to "be • 
as;crll>ed to the wetting of the stern 'by the spray. In 
the plot, figure 18, giving e and Gn^h cis functions 
of 7. the formation of the first maxlstum is brought 
but.ulth particular clearAess. The Indicated boundary 
'-curTB. of the pure plAning condlt ion '.'shows that the 
latter occurs before the maximum is reached. Besistanco 
and moment maxifflums lie, as also In the case of float 
invest Igat ions , at about the seune speeds, so that the 
greatest trim angle coincides with the resistance maxi- 
mum If tho planing surface planes free to trlnik 

Tfheroas , with decreased speed the reslstanco^load. 
ratio Increases on account of tho impairment of the 
aspect ratio -and on 'neglecting gravity there would bo 
cfbtainod • the up-p^r^ .cuKve* ,oJfv. f-3,^r H ,J19 , the effect of 
gravity in the lower speed range Is 'to de'crease the re- 
sistance to such an extent that with tho second curve 
branch- a resistance maximum occurs. By support of the 
stern tho maximum in a float may bo considerably affected 
as explained in reference 2. 
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(d) Xffeict df the -Scale 

It will now "be Invest Igated to what extent almi-^ 
larlty applies ae; regards the preseure aurfaces and 
centor— of— pressure position and whether the scale ef- 
fect Is given solely. hy the dependence of tho frlctlonal 
ooefflclont on the Beynoldd ntimher. By investigating 
a family bf planing surfaces this question may be an- 
swered for the case of the<pu7e planing process. 

Six- plane rectangular planing surfaces of various 
"beams Vrcro investigated according to the- following tost 
schedule: 



Plan- 


. Cost 


lull- . 


Pull- 












ing 


number 


scale 


Bcalo 












sur- 




flying 


twin 


^m 




^kg 




"'m/s 


face 




boat 


float 
















sea- 


















plane 


































1 




2.400 


0.109 


9216 


3,74 


16.96 






2 


1 


1.200 


.109 


1152 


3.74 


12 


1 


28 


4 


2 


0.600 


.109 


144 


3.74 


8.48 


A 


2. 85, 39 


8 


4 


.300 


.109 


18 


3.74 


6.00 


3 


30 


10.66 


5.33 


.225 


.109 


7,6 


3.74 


5.30 


4 


31 


16 


8 


.150 


tl09 


2.25 


3.74 


A . r-i 


5 


32 


24 


12 


.100 


.109 


,660 


3.74 


3.46 


6 


33 


33 


16 


.075 


.109 


.281 


3.74 


3.00 



In figure 30 the values of Ci l/b. and o „y ^* 

obtained from the measured valu'es are plotted a£aln_8t 
a with \j as parameter. Planing surface l.< within 

b =1 0.600 meter is the widest of all surfaces investi- 
gated. Tor the scelle comparison the full— scale design 
was a flying boat of beam b = 2.400 meters with A 
= 9216 kilograms and a = 12,288 kilograms (\^ = l). 

The planing surface with b = 1.200 meters and A = 1152 
kilograms, Q = 1536x2 = 3072 kilograms corresponds to 
the design .of a normal twin-jfloat seaplane (\s 1)* 
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.SUe. coii'^lQUO'as curree ah.ov -the .variation of the 
Taluea obtained t-j computation vliiclt were' detersined 
for al'l conditions for which pgj > 50 kg/m^. At smaller 

pressures at which, on account of the effect of surface 
tenBion'y the pure planing procesa has discontinued the 
ddte):'mination of the re-alatance 'la not possl'ble.- In thia 
case the dotted curves show the Variation in the meas- 
ured- value a. 

She values determined in the' aeries of teata for 
the aapect ratio l/l) and the moment- coefficient c^j^* 

arrange themaelvea in such a manner. that, no regular 
deviation/fl^rom .an averaging ourye through thei test points 
(thia curve h,aa. not l!e en .drawn on. .the diagram) can he 
established — that jl's ^ In the pure planing procees there 
is complete similarity of wetted .ST;z:faoe and moments .and 
hence also of pressure di^tr jLbiit ion... lEhe. similarity 
still -holds in'-'thoae ranges in which the Surface tension 
exerta an effect on the planing condition. 

She r es iatanc^load' rat los heooma more favorable 
with -Increaalng size of. planing surface on account of 
the decreaaing-reaiatance coefficient, a ahift in cLgp^ 

toward email angl.ea taking place. On acoaunt of the 
fact that Cf.* la- approximately constsvnt *in the range 

B - 1 'T- 5X10° the ratios arq practically equal for 
average scalea. Vlth further decreaae the reaistancea 
strongly increase o-n accoun-t of the effect of the ^iir-- 
face tension, with- agp^ shift ing..conaiderably'.:in the . 

direction of higher angles,.. 

• .Xhe ' lmp.alvmWt ixi '^ 't .'tox e.q,ual cah*i ^/^i 

a for. the flying boat -and twin float «eaplane la given- 
in the f.ollowlng table: - 



Plying boat 


Iwln float .seaplane 


." b.- 2,400 m 


b «= 1,200 m 




• p.dnffeat-' 


■ • • • Xg* '-..v 


■- j^exto^^ . . 


• ■■ 2 


7;2 ■ ' 


■ ■ -2 - 


3.8 ■ 


'4 


■11. -3 ■ 


• "4 


10.5 


■ -ff ■ 


18-.5--" 


' 5.33 


21.8 


10.66 


30.6 - 


8 


' ■ 32;S ■ 


16 


42 


12 


77.4 


24 


90 


16 


107 ' 


32 


122 
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' The aDoY'e flguredf 43iiov that testa .vlt^ models of 
too snail' 8' scale' '< 0.1% 'nr) such as- tr-ere mainly • 
conducted In England,- for ez'aiiipleb-( refer enrde -LO) and In 
Itarl7, (reference 11} since the. beginning of flo.at In— 
▼ es-t Igat ions ,.. cannot: be used for t.be. determination of 
the- resistance, sl.nce the additional -resistances arlsjl.ng 
under the effect .a£ -the surface tensions, cannot .he de- . 
terulned. Also In the case of somewhat larger .models 
the difference In the ratios hetveen model and full- 
scale design Is still conslderahle.. A transfer of the 
model test .result; according to the method here given 
to the . full— scale design is pract ioally . Imposslhle on 
account of thct dlfficult7 during the test In determin- 
ing the vetted 'ard& "bf measurement/ It Is only after 
the construction of toying tanks with high carriage 
velocities that tests on large scale models "became 
posdlhle.for which, even wlih no account helng taken' of 
the ticale effect — .that ls,'vlth'the assumption: ' 

W = w \' or €h = 
and K f m X* or ■ Cahg = Cmby ( 31 ) 

results are. obtained that devliated from the true values 
only irithin the accuracy usual 'in passing from the model 
to full— scale computations. 

She above example shows that in pas.sing from the 
model to. the full— scale design . according .to formula (Si) 
one Is on the safe side. On account of the additional 
roughness and wave effect (reference 13-) which occurs 
particularly In the case of riveted sheet bottom of the 
full— scale design the- actual differences' between the 
resistance computed from the model. and the true one are 
smaller than given in the previous table as Is shown by 
scale tests conducted on families of floats (references 
14 and 15 ) 



^!?he ■ possibility should be noted that in the model of 
very large-scale the- dlffez;ence of the frlation coeffi- 
cient of the model and. full-scale- design is so small 
that on account of the roughness' and wave effect the re- 
sistance of the full— scale design-, may be higher than 
that obtained from 't'he model com'putat l.on but does not 
come into] c-onslderat4,on in the caa'e of the usual scales 
employed.' -, ■ . 
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(B) The T— Bottom PlcAln^ Surface 
(l) Basic SquatlonB ancl Determination of the Lift, 
. Bealstance, and Center of Freseure 

Vor a longltudjlnally Btraight 7— 'bottoa planing sur- 
face the resultant fibroial force on one side Is according 
to figure 21 

S A 
2 2 cos i 



or the total normal force 



COB 4 

The lateral components Q balance out. 

The production of the lateral speeds corresponding 
to the lateral componen'ts Q for ec[ual lift and other- 
wise equal conditions, particularly equal effective "beam 
results in an additional exit loss and henoe an Inoreased 
resistance uhlch corresponds approximately to an Increase 
in the load and is equivalent to a lift Increase from 
A to IT = a/cob i. That this actually represents a 
useful approximation is also shown "by the analysis of 
the further tests. There Is therefore set 



a q' ■ cos 4 a Tj^-q 

7or the length there is taken the mean length la 

of the wedge-shape surface the forward hounding 

line of"the pressure- area^ -in -corraspondenoe to test 
measurements heing taken as a straight line, and a 
stagnation Of constant h&ight along this line helng 
asBtmed. The aspect ratio, la then 
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= ia = .-la-- ■ (24) 

"b "b "^n&t 

Prom figure 22 the length, of the pros sure area a,t 
the keol, equeJ. to the maximum vetted length, Is deter- 
mined hy 



and at the outer edge of the planing surface 

b tan « 



la - Im ~ 



4 tan a 



Tho full heam of the T— hottom planing surface contributes 
to tho support as long ae 



or 



and therefore 



If 



la ^ 0- 
Iq tan 4 



4 tan a 



Im >, tan < 
~ 4 tan <3t 



tan t I 
> -B 



^ 0 



(26). 



4 tan a 



the natural heam h^a.t' °^ pressure surface is 'below 

that of the heam b of the planing surface and 

Ijn . tan * 

- (27) 



.^nat 4 tan a 

t 

In contrast to the flat surface fo-r which, with increased 
heam of the planing surface the aspect ratio of .the pros- 
sure area also heoomes more favorable, since the trail- 
ing odso of the planing surface is always utilised to its 
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full oxtent, in the ease of the T— hottom surface there' 
*'o'ccur~8 a"Ilmltlfi'g"beam h^g^^ of the-pr essur-e area 

which .la at the Bam^. ^ime the most favorahle "beain of 
the pla&lng surface for the given load relations. The 
portions of the planing surface lying- outside of the 
proaaure area are vetji.ed hy'the spray which Is rotarAod. 
on the surface and so Increases the resistance. Ihey 
aro therefore, without heing utilised for the support, 
of tho surface, the cause o^f additional resistances 
which are larger the-mOre.the width of the planing sur- 
face exceeds the natural "width of tJse pressure area. 

In the case of-the sieaplane float this condition 
occurs according to' figure 23 "before the got—away. 
Since in the outer free "bottom strip of width ( h — hj^Q,t) 

a pouorful spray Is directed haickward, the stern of one 
float is also wetted and under certain conditions such 
largo additional resistance may "be set up that in spito 
of the small residual loading of planing bottom the total 
roslstance of the- aircraft -attains the val'uo of the pro- 
peller -thrust and take— off is Imposslhle. 

She aBS-afflp.tlonfl required for the numerical determi- 
nation of the friction coefficient on the size of the 
wetted surface 7 and the Beynolds number R obtained 
on tho basis of tes-t observations are the following 
figure 23a. . , ' 

■Case 1) loaded beam: b if * < 

4 tan a b 



Case 2) loaded beam: b = "^neit 
lb-: 



tan < I 



m 



4 tan a b 



P, = 



cos t" 



. a-.^.^.-. wh^re . ^ - f (28)- 

'■^aae. 3.>^f>aid«4. Jxean-: bngyt .^f.,. . ^ .A .. 

4 tan a. b 

and tan Y = ^ > 10 

I - l)nat 
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ID^ero is then alj-tai-neii' 



X 



ca COS t . q. a 



and 



m 



"bnat 



BO that ]■ = 



^nat 
3 cos i 



(29) 



E 

V 

V tan ^ In, 

Case 4) loaded "beam: "bnat ^ 

4 tan a h 

and tan V = — — < ^0 

* - ^nat 



;r^77 > ■ (30) 

TL = 



In cases 1 and 2 the water escaping from the forward 
oontoxir of the wetted surf ace and the water running along 
the surface as a film covers almost the entire width of 
the surface so that 1 ■ is to he used in the determination 
of T and H. In case 3 the' limit- of the spray water 
wetting Is given approximately hy the dotted curve. In ■ 
case 4 no further wetting of the edge portions occurs 
with further Increase in width 'of the planing surface. 
The limiting value is for tan Y = 10, 
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(S) AppH-Qja-tlon of the EesultB for the Detemlnatlozi ofS 
(a) She Effect of the V a&gle 

^fhet^as, the Impact forces In take— off and landing • 
deore^ise \rdth increase In V angle of the f 1-oat', the re~ 
slatance increases. ' !Dhe dependence of the resistance on 
the T angle will now "be found. 

Pour reetajigular planing surfaces of rarlous 7 
angles and constant heam were inTestlgated accprding to 
the follovlng tewt 'sohediile' 



Planing 
surface 


Test 
num- 
her 


t ■ 


■^kg ■ 




^n/s 


I* 


A 


2 &25 


160° 


18 


0.109. 


6 


3.74 


.7 


.34 


160° 


18 


, .109 


B/- . 


3.74 


8 


36 


150* 


18 


.109 


6 


3.74 




36 


132° ■ 


18 


.109 


6 • 


i3.74 


10 


37 


100° . 


■ .18 


.109 


6 


3.74 



In figure '24 the computed coefficients e and 
Pmh* (U-'e plotted against a with t as parameter; 

the values of heing given hy the dotted curves. 

Xhe computed curves are-. continuous. Very, good- agreement 
is shavn "between the computed and test, values, of. e, 
the, as. sumption lying at the -hasis .of -formula (23) thus 
being .confirmed. . On.ly in- the-,case ,of the sharpest 7 
"bottom do tlie .test val'ues.'iat Qmall-trlm angles -show .. 
any deTla,tlon. from the'-^eneral shape xit th.e . curves since 
in t.hls case .the statically displaced .volume, .of water is 
practically equal to the entire lift so that in spite 
of free side edges the process is more like that of 
floating than that ..of. planing. Correspondingly .the pres- 
sure .drop at th.e sides 1.8' .small and hence the. spray. . 
-f orJiia;ticnr.'.Treak.^ . !Ehe . ds^»^SB.l'.on l-» - str-ongly keeled and 
there Is formed a short distance behind the' planing sur- 
face a low fountain extending over some distance. The 
spray development then Increases up to a 7 angle of be- 
tween 100° and 132°. Vlth further Increase in the angle, 
howevor, there is a strong decrease in the epray. 
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The angle of mljilmum resistance agp't Increases 

vith increasing 7 angle. The connect 1;di^. straight line 
o^opt according' to the afisumptlon made in the compu- 

tation the same trend as on increasing the load of a 
flat surface (fig. 16). 3Por o-g^-^ - according to figure 
24 there is an increase in the drag vlth T angle glren 'b7 

^ 100 e 1 + 40 « + 83 * a (31) 

*o ■ ■ 

In the formula for the flat plate* If- I Is re- 
placed "by .ijn there is ohtalned 

She agreement of the computed and experimentally 
detornlned values of c^j^* is very good up to medium 

T angles; at larger angles for constant CjqIi* the 

difference remains less than'l° eo that hez'e too- a 
sufficiently accurate determination of the trim angle 
is possihle. 

(h) Effect of the Beam 

In the take-off of a seaplane the width. of step of 
the 7— "bottom float, on account of the small residual 
load and the high dynamic pressure exceeds the natural 
width of the 'bottom surface under pressure,' In contrast 
to tho flat hottom for which the full heam at step in 
the pressure area Is iltillEed. The most fa'vora'ble width 
of tho 7- bottom depends therefore on' this load and the 
dynaulc pressure. 

Por the purpose of testing these conclusions plan- 
ing surfaces with two 7— bottom angles and various beams 
were tested according to the following test' schedule: 
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Fl&jalug 
fturf ace 


97eBt . 

jitun~ 
."bDr 


■ t 




. kg 


°B 






M. 


12 


38 


150 


0.150 


18 


0.435 


0.142 


6 


3.74 


13 


35 


150" 


.30 


18 


.109 


.142 


6 


3.74 


14 


39 


150 


.472 


16 


.044 


.142 


6 


3.74 


15 


40 


1 R n 0 

loo 


,772 


18 


.0164 


.142 


6' 


3.74 


12 


43 


150 


.150 


60 


.435 


,071 


10 


5.26 


13 


44 


150 


.300 


50 


.109' 


.071 


10 


5.26 


14 


45 


150° 


.477 


50 


.0431 


.071 


10 


5.26 


15 


46 


150° 


.772 


50 


.164 


.071 


10 


5.26 


17 


36 


132° 


.300 


IB 


.109 


.142 


6 


3.74 


18 


41 


132° 


.444 


■ 18 


.0498 


.142 


6 


3.74 


19 


42 


132° 


.730 


18 


.0184 


.142 


6 


3.74 


16 


47 


132° 


,150 


50 


.435 


.071 


10 


5.26 


17 


48 


132° 


.300 


50 . 


.10.9 


.071 


10 ■ 


5.26 


18 


49 


132° 


.444 


50 


.0431 


.071 


10 


5.26 


19 


• 50 


132° 


.730 


50 


.0164 


.071 


10 


5.26 



In figures 25 to 28 the measured values of e are 

connoct e.d "by dotted curves and ^jcih* plotted against a. 

Iho continuous ourres give tlie results of the computed 
▼aluos. Ihe differences 'between the two are indicated 
Ijy arrows. Since "beyond the limiting curve, (fig. 9) 
no puro planing condition is set upi the computed curves 
are also dotted. ■ Good agreement is o'btained between the 
planing process determined from the diagram and that from 
tho observed appearance of the free planing condition. 

In a comparison of the values of - e for pure plan-* 
ing conditions it is found that the test values are 
always somewhat below the computed values but otherwise 
the curves are similar. IhiS' is probably to bo as— ■ 
cribod to the fact that the mean flow direction on' the 
additional wetted areas does not agree with the direo^ 
tlon of travel so that the resistance is • increased 'only 
by a component of the additional frictional resistance). 
In spite of this for most purposes the numerically com>-> 
'p'vtired' -valuer are sufficient C gr e at 0 J tf^ t^^^"^ ^ 
Lt = 0.025). • 

An optimum beam which is obtained both e33> er im en''— 
tally and by computation in the above ^example lies 
botwoon the two mean beams, the experimental value 
being somewhat higher than the computed value. 



88 VACA .IM Ho. 1061 

The Tallies, .of Cmh* agree very veil, the differ— 

I 

enoea 'botveon escjpQr Iment and. computation amounting f-or 
oonstant Cmh* ntQatly to less than 1/2° and In the 

most unfOTorahle case to less than- 1°'. 

Iranslatlon 'by.-S.' £elSB , 
ITatlonal AdTisory.' >Commlttee 
for Aeronaut lea . 
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Figs. 1,2,3 
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Figure 1.- 



Set-up of measuring 
apparatus . 

Figure 2»- Cross sec- 
tion of a 
pressure orifice. 
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Figure 3.- Planing surface, during planing process. 
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Figure 4.- Beam at step of aircraft as function of weight in flight. 
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Figs. 3,8 
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Figure 5..- Plat planing surface e, Cmh" » I /^t l-^/l anfl 
Astat/A as functions of d. 



Figure 8.- 
Proof of re-l I 
lation V 
dca* /dec ^ 
const in re-] 
gion of higlij/y 
F* numbers ^ 
for flat 
rectangular 
planing sur-|^ 
face. Z as 
a fxinction 
of cC with A 
as parajaaeter 
tests 16, 18 
and 19;. Ca* 
as function 
of ct with 
L/b = 1, 2, 
and 3 as . 
parauneter. 
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Figure 6.- Pressure distribution and 
flow picture of flat pla- 
ning surface of 0.3 m width for A =• 
18 kg and V = 6 m/s. 



Figure 7.- Diagram for computing 
moment . 
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Figure 9.- Plat rectangular 
planing sxirface. 
Lift coefficient Ca as 
function of aspect ratio 
if'h with ]Proude niunber J* 
as parameter. 
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Tigure 9b^ Tferiation of 

lift coefficient 
according to the theory of 
Wagner, tests of SamhratiB, 
and tests in air of Winter. 
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Figure 10.- Frictional coeffi- 
cient cf' as func- 
tion of Reynolds number R. 
Mean values of test series 1 
to 33. Flat rectangular pla- 
ning surface. 

Figure 11.- Center of pressure,^ 
^ position Ip/l as ^ 

function of aspect ratio J /b ^ 
with Froude number F* as par- ^ 
ameter. Flat rectangular pla- o 
ning surface. h 
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Figs. 12,13 
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Figure 




Flat planing surface. Effect of beam c euid 

Cfflh* as functions of oC "with b as parameter, 





FigTire 13.- Spray water comparison for model 0.2 percent 

(bst = 0.2 m) and 0.4 percent (bst = 0.4 m) 
for equal load A = 18 kg, speed v = 6 m/s and trim 6°. 
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Figure 14.- Flat planing surface, effect of beam ratio of 

static displacement to total lift V-y/A as func- 
tion of trim angle oC with b as parameter. V =(cC.l2.i^2. 
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Figure 15.- Flat planing surface, position of fountain, 
Z +c « 1.8 F*b. 
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Figure 18.- Flat planing surface, effect of speed, e and c^i, as 
fimctions of F with a as p.£urP4aeter,. . 
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Figure 19.- Effect of gravity on the formation of the resistance 
maximum. . 
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Figure 20.— Flat planing surface. Effect of scale, e and Cmh* 
and l/b as functions of ot with X as parameter. 
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Figs. 81, 32, S3, 33a 



Figure 21.- DecompoBition of 

normal force compo- 
nents along three dlreotione for 
7 bottom planing surface* 




Figure 22. -"Pressure area" for V 
bottom planing 

surface. 
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Figure 23.- 




Flow conditions before 
get-away . 
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Figure 2aa.- Pressure area and wetted area for V bottom surface. 
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Fig. 24 
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Figure 24,- 
V bottom planing 
surface. Effect 
of dead rise 
angle. € and 
Cmh* as functions 

of otwith J as 
parameter. 
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figure 25.- V bottom planing surface. Effect of beam 
£ and Omii* as fimctions of ot with b as 

parameter. 






Figure 27.- 7 bottom planing surface. Effect of beam 
• and Cjii^* as fiinctions of oo with b as 

jparaneter. 
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